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♦NOTICES* 

The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is excellent in mechanical properties, such as an intensity, and 
relates to a manufacture of a ceramics suitable as the machine-part material equipped also with the oxidation resistance under an 
elevated temperature, and corrosion resistance, and a structural material. 
[0002] 

[Description of the Prior Art] A silicon-carbide (SiC) ceramics is excellent in thermal resistance, a thermal shock resistance, and 
a creep-proof property, and in order to form an oxide film in a front face and to work as a natural protective coat under an 
oxidizing atmosphere, it is excellent also in oxidation resistance. For this reason, use is expected as charges of machine-part 
material, such as a gas turbine and an automobile engine. However, under the hot environments which exceed 1500 degrees C, 
since the melting point of environmental temperature and oxidization silicon is near, any longer, the operation as a protective coat 
cannot be expected and the degradation by advance of oxidization is not avoided. 
[0003] 

[Problem(s) to be Solved by the Invention] Then, becoming the machine-part material which is equal to the use in an elevated 
temperature is expected by forming the oxide layer which can act as a protective coat also under hot environments on the surface 
of a silicon carbide ceramics. 

[0004] However, usually, the junction and unification with non-oxide ceramics and an oxide ceramics are immediately separated, 
even if it is difficult and it is going to join. Moreover, even if it is the case where it joins, by following heat-treatment on 
unification operation, in a cooling process, it pulls to both, or compressive residual stress arises from the difference of both 
physical properties, especially the difference of a coefficient of thermal expansion, and crack initiation is caused in many cases. 
Therefore, by the conventional technique, the unification with a silicon carbide ceramics and an oxide layer is difficult. 
[0005] this invention was made in order to solve the technical probrem of such conventional technique, it is excellent in an 
intensity and thermal resistance, and aims at providing the oxidization and the cauterization under an elevated temperature with 
the machine-part material which can sufficiently correspond. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention persons could manufacture 
suitably the laminating ceramics with which the ceramics which makes a silicon carbide a principal component, and the layer of 
the silicic acid compound of rare earth elements were unified as a result of repeating a research zealously, and it finds out that it 
can correspond to the use under an elevated temperature enough, and came to invent the manufacture technique of the laminating 
ceramics of this invention. 

[0007] The manufacture technique of the laminating ceramics of this invention is general formula:RE2 03 (RE in a formula) to 
the 1st layer containing a silicon carbide. Carry out the laminating of the 2nd layer containing the rare earth oxide expressed, and 
a layered product is formed, the rare earth elements chosen out of the group which consists of Y, Yb, Er, and Dy - being shown 
- heating this layered product in an oxidizing atmosphere - this -- the silicon carbide of the 1st layer - oxidizing - oxidization 
silicon ~ generating — this — the rare earth oxide of the 2nd layer, and this oxidization silicon to general formula:RE2 Si05 (RE 
in a formula) the rare earth elements chosen out of the group which consists of Y, Yb, Er, and Dy - being shown — let it be a 
summary to generate the rare earth silicic acid compound expressed 

[0008] formation of the aforementioned layered product -- the 1st aforementioned layer — the inside of the distributed liquid of a 
rare earth oxide ~ supplying - electrophoresis — this -- do by adhering a rare earth oxide to the front face of the 1st layer - 
heating of this layered product is performed at 1 400- 1 700 degrees C 

[0009] The 1st aforementioned layer is a sintered-compact layer which fabricates the powder containing a silicon carbide, sinters 
and is obtained, furthermore, by heating of the aforementioned layered product By the above-mentioned technique of forming the 
layer containing a rare earth silicic acid compound layer or a rare earth silicic acid compound, and a rare earth oxide with a 
thickness of 100 micrometers or less The layer of the silicic acid compound of rare earth elements is formed good on the surface 
of a silicon carbide, and when oxidization of a silicon carbide is prevented by the silicic acid compound of rare earth elements, the 
laminating ceramics obtained combines the intensity in an elevated temperature, and oxidation resistance and a corrosion 
resistance. Moreover, since the silicic acid compound of a silicon carbide and rare earth elements has a near 
coefficient-of-thermal-expansion value, the residual stress produced between layers is low, crack initiation is prevented, and it has 
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the performance which is equal to the use as a machine part exposed to elevated temperatures, such as a gas turbine and an 

automobile engine. 

[0010] 

[Embodiments of the Invention] A silicon carbide is a ceramics which is excellent in a high temperature strength, and if the 
oxidation resistance in an elevated temperature and corrosion resistance are improved, it will serve as a suitable machine-part 
material. This improvement is realized by covering a silicon-carbide front face with the oxide ceramics which has oxidation 
resistance and corrosion resistance, and this invention persons found out that silicic acid compound:RE2Si05 (RE in a formula 
shows the rare earth elements chosen out of the group which consists of Y, Yb, Er, and Dy) of the rare earth elements which are 
multiple oxides as an oxide for this purpose was suitable. Silicic acid compound:RE2 Si05 (in this application, a silicate is only 
called hereafter) of the above-mentioned rare earth elements is excellent in thermal resistance, and a silicon carbide, near, and 
thermal-expansion behavior are similar for the coefficient of thermal expansion. However, it is not joined, even if it makes it 
contact and it heats, and a silicon carbide and a silicate are not unified by simultaneous sintering, either. That is, the laminated 
material which unified these cannot be obtained only by heat-treating. 

[001 1] In order that this invention may manufacture the laminating ceramics to which the silicon carbide and the silicate were 
joined, after it generates a silicate using the reaction of a rare earth oxide and oxidization silicon (Si02) and forms a rare earth 
oxide layer in a silicon-carbide front face, it forms the layer which contains a silicate by the reaction of the oxidization silicon and 
the rare earth oxide which were generated by oxidizing a silicon-carbide front face and generating oxidization silicon. The 
laminating ceramics which both layers are joined by sufficient intensity, and there is no problem of the residual stress resulting 
from the difference of thermal-expansion behavior, and can be equal to the use in an elevated temperature with this is obtained. 
Although variety presence of the rare earth oxide is recognized, especially the rare earth oxide expressed with general 
formula:RE2 03 (RE in a formula shows the rare earth elements chosen out of the group which consists of Y, Yb, Er, and Dy) is 
suitable. 

[0012] Hereafter, this invention is explained still in detail. 

[0013] First, in order to form a silicate layer in the front face of the silicon-carbide sintered compact manufactured according to a 
conventional method, to a silicon-carbide sintered compact, the laminating of the rare earth oxide layer is carried out, and it is 
covered. In order for the rare earth oxide layer thickness by which a laminating is carried out to oxidize an internal silicon carbide 
through a rare earth oxide layer in the following phase, the oxygen in the ambient atmosphere needs to be the thickness of a grade 
which may reach a silicon-carbide layer. Although it is possible also by not limiting especially about the laminating technique of a 
rare earth oxide layer, and applying the paste of a rare earth oxide, in this invention, especially an effective thing is the laminating 
technique of using an electrophoretic effect. The laminating by electrophoresis is the technique of forming film several 100 
micrometers or less suitably, and oxidization of a silicon carbide fully advances through the rare earth oxide layer formed by this. 
Since a silicon carbide ceramics is conductivity, it can perform the laminating using the electrophoresis method. 
[0014] If electrodes 3 and 5 are supplied to the distributed liquid 1 which made ethanol distribute powder P of a rare earth oxide 
and a voltage is impressed by DC power supply 7 as shown in drawing 1 , rare earth oxide powder P will move and adhere to the 
direction of the electrode 3 by the side of cathode. Therefore, the laminating of the rare earth oxide by electrophoresis feeds a 
silicon-carbide sintered compact into the distributed liquid which distributed rare earth oxide powder, and is performed by 
impressing a negative voltage to a silicon-carbide sintered compact. As equipment which actually performs this, a thing as shown 
in drawing 2 is mentioned, for example. This equipment 1 0 is equipped with the electrodeposted tub 1 1 , the annular electrode 1 3, 
and DC power supply 1 5, and the distributed liquid 1 7 which made dispersion media, such as alcohol, distribute powder P of a 
rare earth oxide is thrown in in the electrodeposted tub 1 1 . The annular electrode 1 3 connected to the anode plate of DC power 
supply 15 is dipped into distributed liquid 17, silicon-carbide sintered-compact S connected to the cathode of DC power supply 
1 5 is set in the center of the annular electrode 1 3, and a voltage is impressed. Thereby, powder P of a rare earth oxide can be 
drawn near to silicon-carbide sintered-compact S, and adheres to a front face, and the laminating of the layer of a rare earth oxide 
is carried out. This is dried and a layered product is obtained. Since the laminating of the rare earth oxide may be carried out to a 
positive-electrode side by the dispersion medium to use, the positive/negative of applied voltage is suitably set up in consideration 
of a dispersion medium etc. 

[0015] In the laminating by electrophoresis, since the laminating of the rare earth oxide can be uniformly carried out even if the 
silicon-carbide sintered compact which is a base does not need to be plate-like and is a complicated configuration, adoption of the 
silicon-carbide sintered compact of arbitrary configurations is attained. Moreover, the time which a laminating takes can be 
managed for a short time, and operation is also simple. 

[0016] If the rare earth oxide layer thickness which carries out a laminating to a silicon-carbide sintered compact has [ that what 
is necessary is just at least 100 micrometers or more ] the superfluously thick rare earth oxide layer which carried out the 
laminating, since it will produce a crack at the time of xeransis, it is desirable to carry out a laminating in thickness of about 500 
micrometers or less. Next, it is desirable when the laminating of a rare earth oxide is controlled by oxidation treatment performed 
possible [ formation of a silicate layer with a thickness of abou t 10-100 micrometers ]. 

[0017] The layered product which carried out the laminating of the rare earth oxide to the silicon-carbide sintered compact 
performs oxidation treatment. Specifically, a silicon carbide should just heat the conditions of oxidation treatment at least 1 hour 
or more at 1 400- 1 700 degrees C in an oxidizing atmosphere that what is necessary is just the conditions which form an 
oxidization silicon coat. At temperature lower than 1400 degrees C, oxidization of a silicon carbide seldom advances. If 1700 
degrees C is exceeded, since it is too intense, oxidization of a silicon carbide will be in the foaming status, and a precise silicate 
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coat will not be formed. Oxidization of the silicon carbide in silicon-carbide sintered-compact S to which the laminating of the 
rare earth oxide P which is shown in (a) of drawing 3 was carried out by this oxidation treatment advances, and as shown in (b), 
oxidization silicon 1 9 comes to be intermingled in the laminating of rare earth oxide P. In this status, oxidization silicon 1 9 reacts 
with rare earth oxide P, and as shown in (c) of drawing 3 , the silicate inclusion layer 2 1 expressed with general formula:RE2 
Si05 (RE in a formula shows the rare earth elements chosen out of the group which consists of Y, Yb, Er, and Dy) generates it. 
The thickness of the silicate inclusion layer 2 1 to generate becomes so thick that time to perform oxidation treatment is long, and 
becomes so thick that heating temperature is high. A silicate inclusion layer may be a mixture layer of a silicate and a rare earth 
oxide, when it is a silicate independent layer by oxidation-treatment conditions or the status of a layered product. If the rare earth 
oxide layer which the rare earth oxide layer did not remain among the surface section of the laminating ceramics after oxidation 
treatment, but the mixture layer of a silicate and a rare earth oxide was made as for it to it, and carried out the laminating to it 
when the rare earth oxide layer which carried out the laminating to the silicon-carbide sintered compact was thin is more than 
predetermined thickness, as for the laminating ceramics after oxidation treatment, a silicate independent layer will be mostly 
formed with the rare earth oxide layer of the surface section. If there are about at least 10 micrometers of silicate inclusion layer 
thicknesss, they can play the role of protection of a silicon-carbide sintered compact, and jt is desirable that it is about 10-100 
iScSanelers. Since die sublation from the silicate inclusion layer 21 is easy for the layer of rare earth oxide P which remains on a 
front face, if the layer of the rare earth oxide which remains after oxidation treatment is removed, the silicon-carbide sintered 
compact covered with the silicate will be obtained. If oxidation-treatment conditions etc. are adjusted so that an unreacted rare 
earth oxide may remain, when the laminating ceramics obtained after oxidation treatment is smelled under hot environments, 
since generation of the silicate by the oxidization silicon newly generated in connection with the further oxidization of a silicon 
carbide advances, an effect like a self-repair will be acquired. 

[0018] With the laminating ceramic obtained by above-mentioned oxidation treatment, the silicon-carbide layer and the silicate 
layer are joined closely, and it has the same intensity as one material. This is considered because it becomes a stable combination 
joined continuously, without the interface fraction of both layers fracturing, since the silicate inclusion layer formed is what is 
generated by oxidization of a silicon carbide. Moreover, since the thickness of an enveloping layer is thin, it becomes the material 
which hardly spoiled the thermal shock resistance and creep-proof property of a silicon carbide, and combined thermal resistance 
and oxidation resistance. Since thermal-expansion change is very alike, even if it performs heating and cooling, it is hard to 
produce a crack, and a silicon carbide and a silicate are borne enough at the use in an elevated temperature. You may perform 
covering processing by the oxide which has thermal resistance further on the silicate inclusion layer of the laminating ceramics 
obtained by the manufacture technique concerning this invention. 

[0019] In this invention, in generation of a silicon-carbide sintered compact, even if it is possible to use the additives which are 
usually used, such as a sintering acid and lubricant, according to general technique and it is a composite using the fiber 
reinforcement etc., a suitable laminating ceramics is obtained with the application of the technique of this invention. 
[0020] Although the laminating ceramics joined by heat-treatment is the stable layered product with little occurrence of the 
residual stress by the difference in a coefficient of thermal expansion, in order to prevent the crack initiation by the rapid 
temperature change etc., it is desirable to perform cooling after heat-treatment quietly. 
[0021] 

[Example] Hereafter, with reference to an experimental result, the example of this invention is explained still in detail. 
[0022] (Operation 1 ) Y2 03 Powder was added to ethanol at 1 5% of the weight of a rate, it mixed in the ball mill for 24 hours, 
and distributed slurry-like liquid was prepared, the configuration of drawing 1 -- using - Y2 - the distributed liquid of 03 was 
fed into equipment, the spacing of 1 ,5cm was set, the electrode 3 of a silicon-carbide sintered compact and the electrode 5 by the 
carbon plate were dipped into distributed liquid, and the voltage of 50 V was impressed for 10 seconds by DC power supply 7 
Y203 which took out the electrode 3 after voltage impression and covered the front face of an electrode 3 The powdered 
thickness was measured. Then, Y2 03 The covered electrode 3 was set on the cover plate made from an alumina, into the 
atmospheric air, it heated at 1550 degrees C for 24 hours, oxidization of a silicon carbide was advanced, the silicate layer was 
formed, and the laminating ceramics was obtained. The silicate layer thickness was measured by observation by the scanning 
electron microscope of a laminating ceramics. 

[0023] Y2 03 measured in the above A powdered thickness and a silicate layer thickness are shown in Table 1 . 

[0024] (Operations 2-4) Except the point which made voltage impression time of electrophoresis respectively 20 seconds, 40 

seconds, and 60 seconds, operation 1 and the same operation are repeated and it is laminating ceramic *♦**. Y2 03 The 

powdered thickness and the silicate layer thickness were measured similarly. A result is shown in Table 1 . 

[0025] (Operation 5) It is Y2 03 as a rare earth oxide. It replaces with powder and is Yb2 03. Except the point using powder, 

operation 1 and the same operation are repeated and it is laminating ceramic **** Yb2 03 The powdered thickness and the 

silicate layer thickness were measured similarly. A result is shown in Table 1 . 

[0026] 

[Table 1] 

Electrophoresis Silicate Thickness operation Voltage impression Rare earth Thickness Time 

(second) Oxide (mum) (mum) 

1 10 Y2 03 100 Y2 Si05 102 20 Y2 03 150 Y2 Si05 153 40 Y2 03 400 Y2 Si05 304 60 Y2 

03 480 Y2 Si05 305 40 Yb2 03 500 Yb2 Si05 35 The thin layer among the cortex section with 

the white laminating ceramics obtained by operations 2-4 was formed, this is Y2 03 as a result of the analysis by X-ray ***♦, and 
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tlrris was able to be removed easily. There is a precise gray layer and it had combined with the bottom of a white thin layer firmly 
at the silicon carbide. The layer of this gray is Y2 Si05 by X-ray **** It became clear that it is a single-phase circuit. There is 
nothing and the layer among the cortex section with the white laminating ceramics obtained by operation 1 is Y2 03 and Y2 
Si05. It was a phase. White Yb2 03 in operation 5 It is [ a thin layer and ] Yb2 Si05 to the bottom of it The layer was formed. 
[0027] When the laminating ceramics obtained by the above-mentioned operations 1 -5 was heated at 1600 degrees C in the 
atmospheric air for 24 hours, in which laminating ceramics, there is almost no weight change and change was not seen 
structurally in composition. That is, a silicon-carbide base material is protected by covering of a silicate, and it turns out that the 
temperature requirement which can be used stably can be improved. 
[0028] 

[Effect of the Invention] As explained above, the laminating ceramics excellent in oxidation resistance [ in a high temperature 
strength and an elevated temperature in the manufacture technique of the laminating ceramics of this invention ] and corrosion 
resistance is obtained, and tlje industrial value is size very much. Moreover, the laminating ceramics obtained by the manufacture 
technique of this invention is suitable as a charge of machine-part material used under an elevated temperature with the 
outstanding thermal resistance, and the supply of a quality machine part of it is attained. 



[Translation done.] 
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